A new bimetallic platform comprising a six-coordinate Fe(ONO) 2 unit bound to an (ONO)M (M ¼ Fe, Zn) has 
Introduction
The controlled, modular assembly of multi-metallic coordination complexes with novel structures, electronic and magnetic properties, and reactivities remains a challenge in synthetic inorganic chemistry. Well-tailored multidentate ligands have been used to great effect in the synthesis of small homo-and heterometallic clusters.
1,2 Ligands that feature differentiated metal binding sites have been used to access heterobimetallic complexes with two different metal ions and with unexpected reactivity proles.
3,4 Metallocene complexes have been elaborated into multi-metallic complexes through the incorporation of ancillary metal binding groups into the cyclopentadienyl ligand.
5, 6 These efforts typically aim to exploit the redox properties of the metallocene in the resulting multi-metallic assembly. Our strategy takes a modular approach in which a discrete metal complex of a redox-active pincer ligand is used as a ligand for a second metal center to generate homo-and heterobimetallic complexes.
The redox-active ONO pincer ligand, derived from bis(3,5-ditert-butyl-2-phenol)amine ((ONO cat )H 3 ; Chart 1), has received considerable attention for the preparation of coordination complexes with interesting electronic structures and unusual reactivities. A myriad of homoleptic, six-coordinate compounds of the formula M(ONO) 2 have been reported in the literature for both 3d metal ions and a variety of main group metals. [7] [8] [9] [10] [11] [12] While many of these complexes display multiple stable oxidation states, their saturated coordination sphere limits their ability to perform inner-sphere reactivity.
We have discovered that the M(ONO) 2 fragment itself can be used as a building block for the preparation of multimetallic complexes. The well-known complex Fe(ONO) 2 can act as a chelating ligand towards a second metal center through the formation of two m 2 -phenolate bridging units. New homobimetallic Fe 2 (ONO) 3 and heterobimetallic FeZn(ONO) 3 complexes have been prepared and their electronic and magnetic properties studied. The results reported here highlight both a modular method for preparing bimetallic structures and the electronic and magnetic complexity that arises from the combination of radical ligands and multiple openshell metal ions.
Chart 1 Oxidation states of the ONO pincer ligand.
Results and discussion

Synthesis and structural characterization
The bimetallic complex Fe 2 (ONO) 3 was initially isolated in low yields as a crystalline solid upon treatment of (ONO q )FeCl 2 (ref.
13) with KC 8 in the absence of a strongly coordinating solvent. The bimetallic complex was identied and structurally characterized by single-crystal X-ray diffraction experiments. Purple crystals of Fe 2 (ONO) 3 , isolated by the Pasteur method, were monoclinic, falling into the space group P2 1 /c. The structure of Fe 2 (ONO) 3 is given as an ORTEP diagram in Fig. 1 
Three of the coordination sites in the ve-coordinate fragment are lled by a planar ONO ligand with two equatorial coordination sites occupied by oxygen donors from the neighboring six-coordinate iron fragment, Fe(2). This six-coordinate iron fragment adopts a pseudo-octahedral coordination environment owing to the meridional binding of two ONO ligands. The Fe(1)/Fe(2) separation is 3.07Å, which falls well outside of the covalent radii of two iron atoms (2 Â 116 pm), is too long for a formal metal-metal bond. 
17,18
More insight into the electronic conguration around the sixcoordinate iron center was provided by analysis of the solidstate magnetic susceptibility data and solution electronic absorption data (vide infra). Given the novel structure and electronic properties of Fe 2 (ONO) 3 , a more direct synthetic method for accessing the complex was sought. Initial efforts were directed towards a metathesis route to prepare Fe 2 (ONO) 3 from doubly-reduced Ellipsoids are drawn at 50% probability. Hydrogen atoms, methyl carbons of tert-butyl groups, and solvent molecules are omitted for clarity. In an attempt to elaborate the bimetallic motif of Fe 2 (ONO) 3 , and in an attempt to generate a derivative with a simpler electronic structure, we targeted analogous zinc complexes. Efforts to prepare the all-zinc complex, i.e., Zn 2 (ONO) 3 , were not successful. Alternatively, the new heterobimetallic complex FeZn(ONO) 3 , which contains a six-coordinate iron and a ve-coordinate zinc, was prepared in high yields by the reaction of (ONO sq c)Zn(py) 2 with Fe(ONO) 2 in toluene as summarized in Fe 2 (ONO) 3 but with zinc occupying the ve-coordinate metal site. Fig. 1, bottom, shows the structure of FeZn(ONO) 3 as an ORTEP diagram. The Fe/Zn distance of 3.05Å is too long for a metal-metal bond (the sum of their covalent radii is 234 pm). The ve coordinate zinc center again lies between trigonal bipyramidal and square pyramidal geometries with s ¼ 0.252.
21
The (ONO) ligand of the ve-coordinate zinc center has contracted C-O bond distances of 1.266(3)Å and C-N bond distances of 1.342 (3) value. The S ¼ 3/2 system was modeled using julX 22 to give the t shown in Fig. 3 Fig. S3 . † The TIP value is large but reasonable considering the accessibility of other electronic isomers and the proximity of spin excited states with larger S values. 23, 24 Further supporting this model, the magnetization trends toward saturation between 2-3 m B as the eld is increased to 5 T at 1.8 K (Fig. S8 †) , consistent with S ¼ 3/2 where g < 2 and signicant axial anisotropy is observed. The PHI program 25 was used to estimate the extent of antiferromagnetic coupling between the unpaired electrons on the iron and (ONO sq c) 2À ligand(s) for the two spin models. As shown in Fig. S11 Fig. 3 Temperature dependence of the dc magnetic susceptibility data for FeZn(ONO) 3 (blue squares) and Fe 2 (ONO) 3 (red circles) collected at an applied field of 1000 Oe; data have been corrected for TIP; the lines represent best fits to the models depicted in the inset schemes (julX). (Fig. S5 †) , consistent with the presence of two ligand radicals that are not strongly coupled to one another. Other models considered (see ESI †) did not t with the combined structural, spectroscopic and magnetic data.
Conclusions
Formal reduction of Fe(ONO) 2 affords a "ligand" with an electronic structure that is best described as is unusual in that it is an example of a double mixed-valence complex: in addition to the same ligand-based mixed valency, the juxtaposition of iron(II) and iron(III) centers with different coordination geometries affords metal-based mixed-valence character. 17 The modular nature of these molecules suggests a new strategy for the synthesis of multi-metallic systems with intriguing redox and magnetic properties. 
